INTRODUCTION
Uniaxial elongational flow behavior of polymer composite melts is complicated, which still requires research to analyze its complexity. Elongational flow behavior of ABS (AcrylonitrileButadiene-Styrene) resins was often reported. [1] [2] [3] In general, it is known that ABS exhibits a weaker strain-hardening in elongational flow which is similar to that of polymer composite systems [4] [5] [6] [7] [8] [9] than matrix AS (Acrylonitrile-Styrene Copolymer).
It has been explained by the idea that the undeformed particles generate complex flow around particles, which was not pure elongational flow around the particle surfaces. 8) Most ABSs and composite systems show weaker strain-hardening in elongational flow with decreasing strain rate. However, it has been reported in a few reports 1, 2) that some ABS resins showed a stronger strain-hardening with decreasing strain rate, whose mechanism was not successfully interpreted due to some complex effects such as particle deformation and aggregation of butadiene particles in AS matrix.
Elongational flow behavior of polymer composite systems including nano or micro solid particle dispersed systems has also been reported. [4] [5] [6] [7] [8] [9] All of these showed a weaker strainhardening than the matrix polymer and the stronger strainhardening with increasing strain rate. One exception is a claydispersed MAPP (MA (maleic anhydride) modified PP (Polypropylene)) system, which showed a stronger strainhardening than general commercial PP, especially at low strain rates. 10) The authors suggested that the effect might be induced by internal structural change in elongational flow.
Up to now the studies on shear strain-induced structureformation were carried out in some nano-particle dispersed systems. [11] [12] [13] It is known that the transient shear viscosity
increased with time at a very low shear strain rate due to the structure formation of nano-particles induced by shear.
However, the studies on the transient elongational viscosity of nano-particle dispersed systems have already been reported.
9)
The aim of this paper is to clarify the effect of cohesive force between particles on the elongational flow behavior. To consider only the effect of cohesive force on the elongational viscosity, we have used two solid particles having an identical nano-particle size (average diameter and distribution shape) with different surface properties. Measurements of elongational viscosity were carried out on the polymer filled with these particles. R972 silica-silica interactions in a medium may involve the hydrogen bonding between silanols. 13, 14) After dissolving the PMMA in tetrahydrofuran (THF) completely, either hydrophilic silica particles or hydrophobic silica particles was mixed in this solution by adjusting particles concentration to 5 wt%. Then THF was completely removed in a vacuum oven at 140 °C for 1 day, after drying the samples at room temperature for 1 day.
EXPERIMENTAL

Methods
Uniaxial elongational viscosity measurements were performed by RME (TA Instruments Inc.) at 180 °C at elongation rates ranging from 0.5 to 0.01 (1/s 
RESULTS AND DISCUSSION
Elongational viscosities were measured at constant strain rates at 180 °C. Uniform deformation without any necking phenomena was carefully checked by recording the diameter change of sample with a video camera, especially for polymer composite melts which easily cause necking. The data after necking were discarded. We confirmed that there were no visible micro-voids in pressed plate-like sample. The composite with hydrophilic particles showed a higher linear viscosity than that of the pure PMMA system. This result indicates that the hydrophilic particles already aggregated before the elongational deformation. The elongational viscosities also increase with two steps, but not with the same manner as homo-polymer, which increased along with linear viscosity at a small strain and gently decreased at a large strain. Finally, the samples were broken after showing necking phenomenon. This decreasing behavior of viscosity agreed with the results reported in the previous paper [4] [5] [6] [7] [8] [9] and the strain-softening origin seemed to be explained by the idea that undeformed particles generate complex flows around the particles.
On the other hand, the composite with hydrophobic particles, showed a nearly equal linear viscosity to that of the pure PMMA system. This result indicates that the hydrophobic particles are uniformly dispersed in the matrix PMMA before elongational deformations. The elongational viscosities at high strain rates increased along with linear viscosity at a small strain region and gently decreased at a large strain region.
However, it was unexpectedly found that the elongational viscosity of the composite with hydrophobic showed stronger strain-hardening with decreasing strain rate, resulting in a strain rate dependency quite opposite to that of matrix PMMA.
Elongational strain rate dependence of Hencky strain at break is plotted for Fig. 4 . Maximum Hencky strain that could be measured was 4 in this study. PMMA and hydrophobic particle dispersed samples were not broken at strain rate of 0.01(1/s) before Hencky strain reached 4. PMMA shows larger strain at break than particles dispersed samples and the sample was broken at smaller strains with increasing strain rate. The strains at break for hydrophilic particles dispersed sample were below 2 at all strain rates and broken at smaller strains with decreasing strain rate. On the other hand, the hydrophobic particles dispersed samples are broken at smaller strains with increasing strain rate. All results allow us to interpret that the difference of interfacial affinity affects induced structure change of particles.
It was reported that the suspension containing hydrophobic Aerosil particles 13) shows a viscosity increase with time under shear flow at a low shear rate. In this case, a weak cohesive force between unreacted silanolgroups at the surface of particles exists. Dispersed particles move and collide at a low deformation rate, resulting in the sticking of the particles and formation of a network structure. As a result, the network structure formed makes the viscosity increase only under low strain rate condition. In the case of elongational flow on the hydrophobic particles dispersed sample, the dispersed particles also moved and collided at a low deformation rate, so the strain hardening was occurred.
As mentioned above, the interfacial affinity between matrix and particles or between particles themselves gives a quite important effect on the elongational flow behavior. If the cohesive force between particles is moderate and particles are dispersed well in matrix before elongation, the strainhardening effect will be enhanced. For further discussion on these inner structural transitions in the sample before and after elongation, SEM observation and elemental mapping (C, Si) must be carried out. Further experiments are on going and the results will be reported in our future paper. 
